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(57) ABSTRACT

A rotor and a generator including the same are capable of
reducing a pressure loss of a cooling fluid, of increasing a
flow rate of a cooling fluid tlowing to a rotor coil, and of
having improved cooling performance. The rotor includes a
rotor shaft; a rotor coi1l wound around the rotor shatt; a rotor
coil protection ring surrounding the rotor coil at one end of
the rotor shaft and being spaced apart from the rotor shaift to
form a clearance space between the rotor coil protection ring
and the rotor shaft; and a fan coupled to the rotor shaft
opposite the rotor coil, interposing the rotor coil protection
ring, to blow a cooling fluid toward the rotor coil, at least
part of the blown cooling tluid flowing to the rotor coil being
guided through the clearance space by surfaces of the rotor
coil protection ring.
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ROTOR AND GENERATOR INCLUDING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Korean Patent Appli-
cation No(s). 10-2017-0113120, filed on Sep. 35, 2017, the

disclosure of which 1s incorporated herein by reference in 1ts
entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

Exemplary embodiments of the present disclosure relate
to a rotor and a generator including the same, and more
particularly, to a rotor capable of being cooled by means of
a cooling flmd, and a generator including the same.

Description of the Related Art

In general, a generator 1s a device that converts mechani-
cal energy 1nto electrical energy by electromagnetic induc-
tion action and uses the principle of generating electric
power when a conductor rotates 1n a magnetic field. Such a
generator 1s typically provided with cooling means using a
cooling fluid, such as hydrogen gas or water, 1n order to
prevent the deterioration of generator components from the
high temperatures associated with power generation.

FIG. 1 1illustrates a typical generator in which a rotor as
shown 1n FIG. 2 may be applied. FIG. 3 shows a contem-
porary rotor.

Referring to FIGS. 1 to 3, a generator may include a stator
200 that 1s fixedly 1nstalled 1n a housing 100, and a rotor 300
that 1s accommodated and rotatably installed in the stator
200.

The rotor 300 1ncludes a rotor shaft 310 on which the rotor
30 rotates; a rotor coil 320 wound around the rotor shaft 310;
a rotor coil protection ring 330 that surrounds the rotor coil
320 at one end of the rotor shaft 310; and a fan 340 that 1s
coupled to the rotor shait 310 opposite the rotor coil 320,
interposing the rotor coil protection ring 330, to blow a
cooling flmd toward the rotor coil 320.

In the contemporary rotor 300 having the above configu-
ration and the generator including the same, the torque of the
rotor 300 1s converted into electrical energy by interaction
between the rotor 300 and the stator 200. In this process, the
tan 340 1s rotated together with the rotor 300 and blows the
cooling fluid, which flows to the rotor coil 320 through a
clearance space between the rotor coil protection ring 330
and the rotor shait 310 to cool the rotor coil 320.

However, in the contemporary rotor 300 and the generator
including the same, the rotor coil protection ring 330 inter-
rupts the tlow of the cooling fluid blown from the fan 340,
resulting 1n an 1ncrease in the pressure loss of the cooling
fluid and a reduction 1n the flow rate of the cooling fluid
flowing to the rotor coil 320 through the clearance space
between the rotor coil protection ring 330 and the rotor shaft
310. Hence, there 1s a problem 1n that the cooling perfor-
mance of the rotor 1s degraded.

SUMMARY OF THE INVENTION

An object of the present disclosure 1s to provide a rotor
capable of reducing a pressure loss of a cooling fluid, of
increasing a flow rate of a cooling fluid flowing to a rotor
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coil, and of having improved cooling performance, and a
generator including the same.

Other objects and advantages of the present disclosure can
be understood by the following description, and become
apparent with reference to the embodiments of the present
disclosure. Also, 1t 1s obvious to those skilled in the art to
which the present disclosure pertains that the objects and
advantages of the present disclosure can be realized by the
means as claimed and combinations thereof.

In accordance with one aspect of the present disclosure, a
rotor may include a rotor shaift; a rotor coil wound around
the rotor shaft; a rotor coil protection ring surrounding the
rotor coil at one end of the rotor shait and being spaced apart
from the rotor shaft to form a clearance space between the
rotor coil protection ring and the rotor shaft; and a fan
coupled to the rotor shaft opposite the rotor coil, interposing
the rotor coil protection ring, to blow a cooling fluid toward
the rotor coil, at least part of the blown cooling fluid flowing
to the rotor coil being guided through the clearance space by
surfaces of the rotor coil protection ring.

The surfaces of the rotor coil protection ring may include
an inner peripheral surface facing the rotor shaft; an outer
peripheral surface forming a back of the inner peripheral
surface; and a tip surface extending between the mner and
outer peripheral surfaces to face the fan and including a first
redirecting surface for redirecting the flow of the blown
cooling fluid to the clearance space.

The first redirecting surface may extend an entire length
of the tip surface.

The blown cooling fluid may flow 1n an axial direction of
the rotor shaft, and the first redirecting surface may be
inclined with respect to the axial direction of the rotor shaft.

The first redirecting surface may be formed such that a
distance (ID12) to the rotor shaft in a radial direction of the
rotor shait 1s decreased as a distance (D11) to the fan 1n the
axial direction of the rotor shait i1s increased. The distance
(D12) to the rotor shaft in the radial direction of the rotor
shaft may decease at a constant rate or at a reducing rate.

The surfaces of the rotor coil protection ring may further
include a second redirecting surface for redirecting the tlow
of the blown cooling fluid to the outer peripheral surface.

The blown cooling fluid may flow 1n an axial direction of
the rotor shait, and the second redirecting surface may be
inclined with respect to the axial direction of the rotor shaft.

The second redirecting surface may be formed such that
a distance (D22) to the rotor shaft 1n a radial direction of the
rotor shait 1s increased as a distance (D21) to the fan 1n the
axial direction of the rotor shaft 1s increased. The distance
(D22) to the rotor shait in the radial direction of the rotor
shaft may increase at a constant rate or at a reducing rate.

The rotor coil protection ring may 1nclude a retaining ring,
positioned opposite the rotor shait interposing the rotor coil,
the retaining ring having a surface that faces the fan and
includes the first redirecting surface; and a centering ring
positioned between the rotor coil and the fan, the centering
ring protruding from the retaiming ring toward the rotor shaft
and having a surface that faces the fan and includes the
second redirecting surface.

The rotor coil protection ring may 1nclude a retaining ring
positioned opposite the rotor shaft interposing the rotor coil;
a centering ring positioned between the rotor coil and the
fan, the centering ring protruding from the retaining ring
toward the rotor shait; and a guide member fastened to at
least one of the retaining ring and the centering ring to be
interposed between the retaining ring and the fan and
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between the centering ring and the fan, the guide member
having a surface that faces the fan and includes the first and
second redirecting surfaces.

In accordance with another aspect of the present disclo-
sure, a rotor may include a rotor shaift; a rotor coil wound
around the rotor shaift; a rotor coil protection ring surround-
ing the rotor coil at one end of the rotor shatt; a fan coupled
to the rotor shait opposite the rotor coil, interposing the rotor
coil protection ring, to blow a cooling fluid toward the rotor
coil; and redirecting surfaces formed on the rotor coil
protection ring so as to face the fan, at least a portion of the
redirecting surfaces being formed such that a distance (1D12)
to the rotor shaft in a radial direction of the rotor shaift 1s
decreased as a distance (D11) to the fan 1n an axial direction
of the rotor shaft 1s increased.

The rotor coil protection ring may include a retaining ring
positioned opposite the rotor shait interposing the rotor coil;
and a centering ring positioned between the rotor coil and
the fan, the centering ring protruding from the retaiming ring,
toward the rotor shait and having a surface that faces the fan
and 1s formed such that a distance (D12) to the rotor shait in
the radial direction of the rotor shaft 1s decreased as a
distance (D11) to the fan in the axial direction of the rotor
shaft 1s increased.

The retaining ring may have a surface that faces the fan
and 1s formed such that a distance (ID12) to the rotor shait in
the radial direction of the rotor shaft i1s decreased as a
distance (D11) to the fan 1n the axial direction of the rotor
shait 1s 1ncreased.

The retaining ring may have a surface that faces the fan
and 1s formed such that a distance (D22) to the rotor shait in
the radial direction of the rotor shait is increased as a
distance (ID21) to the fan 1n the axial direction of the rotor
shaft 1s increased.

The rotor coil protection ring may include a retaining ring,
positioned opposite the rotor shait interposing the rotor coil;
a centering ring positioned between the rotor coil and the
fan, the centering ring protruding from the retaiming ring
toward the rotor shaft; and a guide member fastened to at
least one of the retaiming ring and the centering ring to be
interposed between the retaining ring and the fan and
between the centering ring and the fan, the guide member
having redirecting surfaces that face the fan and comprise an
inner peripheral portion (336a) positioned mward 1n the
radial direction of the rotor shaft and an outer peripheral
portion (3365H) positioned outward in the radial direction of
the rotor shait. The mnner peripheral portion may be formed
such that a distance (D12) to the rotor shaft in the radial
direction of the rotor shatt 1s decreased as a distance (D11)
to the fan 1in the axial direction of the rotor shaft 1s increased,
and the outer peripheral portion 1s formed such that a
distance (DD22) to the rotor shaft in the radial direction of the
rotor shaft 1s increased as a distance (D21) to the fan in the
axial direction of the rotor shait 1s increased.

In accordance with another aspect of the present disclo-
sure, a generator may include a housing; a stator fixedly
installed the housing; and the above rotor being accommo-
dated and rotatably installed in the stator.

It 1s to be understood that both the foregoing general
description and the following detailed description of the
present disclosure are exemplary and explanatory and are
intended to provide further explanation of the disclosure as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and other advan-
tages of the present disclosure will be more clearly under-
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stood from the following detailed description taken i con-
junction with the accompanying drawings, in which:

FIG. 1 1s an exploded perspective view of a typical
generator;

FIG. 2 1s a top view of a typical rotor applied to the
generator of FIG. 1;

FIG. 3 1s a cutaway cross-sectional view of a contempo-
rary rotor;

FIG. 4 1s a cross-sectional view of a rotor according to an
embodiment of the present disclosure; and

FIGS. 5 to 7 are cross-sectional views of rotors according,
to other embodiments of the present disclosure, respectively.

DESCRIPTION OF SPECIFIC EMBODIMENTS

Reference will now be made i detail to exemplary
embodiments of the present disclosure, examples of which
are 1llustrated 1n the accompanying drawings. The present
disclosure may, however, be embodied 1n different forms
and should not be construed as limited to the embodiments
set forth herein. Rather, these embodiments are provided so
that this disclosure will be thorough and complete, and will
tully convey the scope of the present disclosure to those
skilled 1n the art. Throughout the disclosure, like reference
numerals refer to like parts throughout the various figures
and embodiments of the present disclosure.

Hereinatfter, a rotor and a generator including the same
according to exemplary embodiments of the present disclo-
sure will be described 1n detail with reference to the accom-
panying drawings.

FIG. 1 illustrates a typical generator. FIG. 4 1llustrates a
rotor 1n a generator according to an embodiment of the
present disclosure.

Referring to FIGS. 1 and 4, the generator according to the
embodiment of the present disclosure may include a housing
100, a stator 200 that 1s fixedly 1nstalled in the housing 100,
a rotor 300 that 1s accommodated and rotatably installed 1n
the stator 200, and a bearing 400 that rotatably supports the
rotor 300.

The housing 100 may include a frame 110 that supports
the stator 200, and a cover 120 that covers the frame 110.

Here, the housing 100 may have a closed structure to {ill
the housing 100 with a cooling fluid (e.g., hydrogen gas or
water), to prevent the cooling fluid from leaking out of the
housing 100, and to prevent introduction of foreign sub-
stances 1nto the housing 100 from the outside.

The stator 200 may includes a stator core that provides a
magnetic flux path, and a stator coil that 1s wound around the
stator core.

The stator 200 may further include a stator refrigerant

passage through which a cooling fluid passes to cool the
stator 200.

The rotor 300 may include a rotor shait 310 on which the
rotor 300 1s rotatably provided, a rotor coil 320 that 1s wound
around the rotor shait 310, a rotor coil protection ring 330
that surrounds the rotor coil 320 at the end of the rotor shaft
310, and a fan 340 that 1s coupled to the rotor shait 310
opposite the rotor coil 320 interposing the rotor coil protec-
tion ring 330 to blow a cooling fluid to the rotor coil 320.

The rotor shatt 310 may include a bearing support portion
311 that extends 1n one direction and 1s supported by the
bearing 400, a fan installation portion 312 to which the fan
340 1s mnstalled, a ring position portion 313 at which the rotor
coil protection ring 330 1s positioned, and a rotor body 314
that supports the rotor coil 320. The bearing support portion




US 10,784,735 B2

S

311, the fan installation portion 312, and the rotor body 314
may be arranged 1n sequential order in the axial direction of
the rotor shaft 310.

Among these, the rotor body 314 may includes a tooth
315 that protrudes outward in the radial direction of the rotor
shaft 310, and a slot 316 that 1s recessed inward 1n the radial
direction of the rotor shaft 310 by the tooth 315.

In detail, the tooth 315 may protrude 1n the radial direc-
tion of the rotor shaft 310 from the outer peripheral surface
of the rotor shait 310 and extend 1n the axial direction of the
rotor shaft 310.

The tooth 315 may consist of a plurality of teeth arranged
radially in the circumierential direction of the rotor shaift
310.

Thus, a plurality of slots 316 may be formed between the
respective teeth 315, and each of the slots 316 may extend
in the axial direction of the rotor shaft 310.

The teeth 315 and the slots 316 may support the rotor coil
320 and form a refrigerant passage through which a cooling
fluid passes.

That 1s, the rotor coil 320 includes a rectilinear portion
322 to be described later, and the rectilinear portion 322 may
be 1nserted into the upper portion (a portion outward in the
radial direction of the rotor shait 310) of each slot 316 to be
supported by two adjacent teeth 315.

Since the rectilinear portion 322 1s inserted into only the
upper portion of the slot 316, the lower portion (a portion
inward in the radial direction of the rotor shait 310) of each
slot 316 may be defined as a space.

Here, the lower space of the slot 316 1s typically referred
to as a sub-slot 3165, and the sub-slot 3165 may be open
toward the fan 340 so that the cooling fluid blown from the
fan 340 1s introduced mto the sub-slot 3165.

The rotor coil 320 may have a plurality of conductors
laminated 1n a multistage manner, each serving as a path 1n
which a current tlows to magnetize the rotor shaft 310. The
rotor coil 320 may include a rectilinear portion 322 that
extends 1n the axial direction of the rotor shaft 310 and 1s
inserted into the upper portion of the slot 316, and a curved
portion 324 that extends in the circumierential direction of
the rotor shaft 310 from the rectilinear portion 322 and 1s
covered by the rotor coil protection ring 330.

Here, the rectilinear portion 322 may include a duct 3224
that allows the gap between the stator 200 and the rotor 300
to communicate with the sub-slot 3164, and the duct 3224
may pass through the rectilinear portion 322 1n the radial
direction of the rotor shaft 310. The duct 3224 may consist
of a plurality of ducts arranged 1n the extension direction of
the sub-slot 3165.

The rotor coil protection ring 330 1s formed to cover the
curved portion 324 of the rotor coil 320 1n the ring position
portion 313 to prevent separation of the rotor coil 320 from
the rotor shait 310 by centrifugal force. The rotor coil
protection ring 330 may include a retaining ring 330A that
1s positioned opposite the rotor shatt 310 with the curved
portion 324 of the rotor coil 320 disposed therebetween, and
a centering ring 330B that protrudes toward the rotor shaft
310 from the retaining ring 330A while being positioned
between the curved portion 324 of the rotor coil 320 and the
tan 340.

Here, the rotor coil protection ring 330 may be spaced
apart from the rotor shait 310 such that the cooling fluid
blown from the fan 340 1s able to flow to the sub-slot 3165.

The fan 340 may be formed to blow a cooling fluid 1n the
axial direction of the rotor shatt 310.

In the rotor 300 having the above configuration and the
generator including the same, the rotor 300 rotates in the
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state 1n which a current flows 1n the rotor coil 320, and a
current may be generated in the stator coil by interaction
between the rotor 300 and the stator 200. That 1s, the torque
of the rotor 300 may be converted into electrical energy.

In this process, since the fan 340 rotated together with the
rotor 300 blows a cooling tluid to cool a portion such as the
rotor coil 320, for example, even though the portion gener-
ates heat, 1t 1s possible to prevent deterioration due to
generation of heat.

In detail, the cooling fluid blown by the fan 340 1s
introduced 1nto the sub-slot 3165 through a clearance space
S between the rotor coil protection ring 330 and the rotor
shaft 310, and 1s then discharged to the gap between the
stator 200 and the rotor 300 through the duct 3224, thereby
enabling the rotor coil 320 to be cooled.

To enhance cooling performance and power generation
clliciency 1n the rotor 300 and the generator including the
same according to the embodiment of the present disclosure,
the rotor coil protection ring 330 may be formed to guide the
cooling fluid blown from the fan 340 to the clearance space
S between the rotor coil protection ring 330 and the rotor
shait 310.

In detail, the rotor coil protection ring 330 may include an
inner peripheral surface 332 that faces the outer peripheral
surface of the rotor shaft 310, an outer peripheral surface
334 that forms the back of the inner peripheral surface 332,
and a tip surface 336 that extends from the mner peripheral
surface 332 to the outer peripheral surface 334 and faces the
fan 340. The tip surface 336 may include a first redirecting
surface 336a that redirects the flow of the cooling tluid
blown from the fan 340 to the clearance space S.

In the present embodiment, the tip surface 336 may be
formed such that its entire length consists of the first
redirecting surface 336q, to maximize the flow rate of a
cooling fluid guided to the clearance space S 1n the cooling
fluid blown from the fan 340. In other words, the first
redirecting surface 336a may extend the entire length of the
tip surface 336. On the other hand, the tip surface 336 may
be formed such that only a portion of 1t constitutes the first
redirecting surface 336a, which will be described later.

The first redirecting surface 336a may be inclined with
respect to the axial direction of the rotor shaft 310. That 1s,
the first redirecting surface 336a may be formed such that a
distance D12 to the rotor shaft 310 1n the radial direction of
the rotor shait 310 1s decreased as a distance D11 to the fan
340 1n the axial direction of the rotor shaift 310 1s increased.
Through such a structure, the cooling flmd, which tflows
from the fan 340 to the tip surface 336 in the axial direction
of the rotor shaft 310, may be obliquely redirected by the
first redirecting surface 336q so that a signmificant amount of
the cooling tluid 1s guided to the clearance space S.

Thus, since the rotor coil protection ring 330 does not
interrupt the flow of the cooling fluid blown from the fan
340, 1t 1s possible to reduce a pressure loss of a cooling tluid.
In addition, 1t 1s possible to enhance cooling performance
since the flow rate of the cooling fluid flowing to the sub-slot
316 through the clearance space S 1s increased.

In addition, the cooling fluid, which flows from the fan
340 to the tip surface 336 1n the axial direction of the rotor

shaft 310, may not be redirected 1n a direction perpendicular
to the axial direction of the rotor shaft 310. Thus, it 1s

possible to reduce an impulse between the cooling fluid and

the rotor coil protection ring 330.
Although the entirety of the tip surface 336 1s formed of
the first redirecting surface 336a 1n the present embodiment,
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only a portion of the tip surface 336 may be formed of the
first redirecting surface 336a as illustrated in one of FIGS.
> to 7.

That 1s, the rotor coil protection ring 330 may further
include a second redirecting surface 3365 that redirects the
flow of the cooling fluid blown from the fan 340 to the outer
peripheral surface 334.

Here, the second redirecting surface 3365 may be inclined
with respect to the axial direction of the rotor shaft 310,
similar to the first redirecting surface 336a, to reduce an
impulse between the cooling fluid and the rotor coil protec-
tion ring 330. That 1s, the second redirecting surface 3365
may be formed such that a distance D22 to the rotor shaft
310 in the radial direction of the rotor shatt 310 1s increased
as a distance D21 to the fan 340 1n the axial direction of the
rotor shaft 310 1s increased.

In this case, since the separation of the cooling fluid from
the rotor coil protection ring 330 1s further suppressed when
the cooling fluid flows through the rotor coil protection ring
330, it 1s possible to further reduce a pressure loss.

However, a cooling effect may be reduced since the flow
rate of the cooling fluid guided to the clearance space S 1s
reduced. In addition, a cooling effect may be reduced since
the cooling fluid redirected to the outer peripheral surface
334 by the second redirecting surtace 3366 interrupts the
discharge of cooling fluid from the duct 322a to the gap
between the stator 200 and the rotor 300.

However, as illustrated in FIGS. § and 7, when a boundary
between the first and second redirecting surfaces 336a and
3360 1s nearer the outer peripheral surface 334 than the inner

peripheral surface 332, 1t 1s possible to suppress separation
of a cooling fluid and minimize a reduction in cooling eflect.

Although a rate of decrease AD12/AD11 1n the distance
D12 from the first redirecting surtface 3364 to the rotor shatt
310 1n the radial direction of the rotor shaft 310 i1s constant
in the embodiments of FIGS. 4 and 5, the rate of decrease
AD12/AD11 may be a reducing rate as in the embodiments
of FIGS. 6 and 7.

In this case, it 1s possible to further suppress the separa-
tion of the cooling fluid from the first redirecting surface
3364 since the first redirecting surface 336q 1s formed 1n a
streamlined shape.

Similarly, although a rate of increase AD22/AD21 in the
distance D22 from the second redirecting surface 3365 to the
rotor shait 310 1n the radial direction of the rotor shait 31
1s constant 1n the embodiment of FIG. 5, the rate of increase
AD22/AD21 may be a reducing rate as 1in the embodiments
of FIGS. 6 and 7. In this case, 1t 1s possible to further
suppress the separation of the cooling fluid from the second
redirecting surface 3365 since the second redirecting surface
3360 1s streamlined.

Meanwhile, 1n the embodiments of FIGS. 4 and 5, the first
redirecting surface 336a and the second redirecting surface
3360 are formed of a surface of the retaining ring 330A
facing the fan 340 and a surface of the centering ring 3308
tacing the fan 340, respectively. That 1s, the first and second
redirecting surfaces 336a and 3365 are defined by the shapes
of the retaining ring 330A and the centering ring 3308, but
the present disclosure 1s not limited thereto. For example, as
illustrated 1n FIGS. 6 and 7, the rotor coil protection ring 330
may further include a guide member 330C that 1s fastened to
at least one of the retaiming ring 330A and the centering ring
330B to be interposed between the retaining ring 330A and
the fan 340 and between the centering ring 330B and the fan
340, and the first and second redirecting surfaces 336a and
3360 may be formed of a surface of the guide member 330C
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facing the fan 340. That 1s, the first and second redirecting
surfaces 336a and 3365 are defined by the shape of the guide
member 330C.

While the present disclosure has been described with
respect to the specific embodiments, 1t will be apparent to
those skilled in the art that various changes and modifica-
tions may be made without departing from the spirit and
scope of the disclosure as defined 1n the following claims.

What 1s claimed 1s:
1. A rotor comprising:
a rotor shaft;
a rotor coil wound around the rotor shaft;
a rotor coil protection ring surrounding the rotor coil at
one end of the rotor shait and being spaced apart from
the rotor shait to form a clearance space between the
rotor coil protection ring and the rotor shaft; and
a fan coupled to the rotor shaft opposite the rotor coil,
interposing the rotor coil protection ring, to blow a
cooling fluid toward the rotor coil, at least part of the
blown cooling fluid flowing to the rotor coil being
guided through the clearance space by surfaces of the
rotor coil protection ring,
wherein the surfaces of the rotor coil protection ring
comprise:
an inner peripheral surface facing the rotor shaft;
an outer peripheral surface forming a back of the inner
peripheral surface; and

a tip surface extending between the mner and outer
peripheral surfaces to face the fan and including a
first redirecting surface that extends an entire length
of the tip surface to redirect the flow of the blown
cooling fluid to the clearance space, the first redi-
recting surface inclined with respect to an axial
direction of the rotor shait and inclined with respect
to a radial direction of the rotor shatt.

2. The rotor according to claim 1, wherein the blown
cooling fluid flows 1n the axial direction of the rotor shaft.

3. The rotor according to claim 1, wherein the first
redirecting surface 1s formed such that a distance (D12) to
the rotor shait in the radial direction of the rotor shait 1s
decreased as a distance (D11) to the fan 1n the axial direction
of the rotor shaft 1s increased.

4. The rotor according to claim 3, wherein the distance
(D12) to the rotor shaft in the radial direction of the rotor
shalt deceases at a constant rate.

5. The rotor according to claim 3, wherein the distance
(D12) to the rotor shait in the radial direction of the rotor
shaft decreases at a reducing rate.

6. A rotor comprising:

a rotor shatft;

a rotor coil wound around the rotor shaft:

a rotor coil protection ring surrounding the rotor coil at
one end of the rotor shait and being spaced apart from
the rotor shait to form a clearance space between the
rotor coil protection ring and the rotor shaft; and

a fan coupled to the rotor shaft opposite the rotor coil,
interposing the rotor coil protection ring, to blow a
cooling fluid toward the rotor coil, at least part of the
blown cooling fluid flowing to the rotor coil being
guided through the clearance space by surfaces of the
rotor coil protection ring,

wherein the surfaces of the rotor coil protection ring
comprise:
an inner peripheral surface facing the rotor shatft;
an outer peripheral surface forming a back of the inner

peripheral surface; and
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a tip surface extending between the inner and outer
peripheral surfaces to face the fan and including a
first redirecting surface for redirecting the flow of the
blown cooling fluid to the clearance space, the first
redirecting surface inclined with respect to an axial
direction of the rotor shaft and inclined with respect
to a radial direction of the rotor shaft, and

wherein the surfaces of the rotor coil protection ring
further comprise a second redirecting surface for redi-
recting the flow of the blown cooling fluid to the outer
peripheral surface, the second redirecting surface
inclined with respect to the axial direction of the rotor
shaft and inclined with respect to the radial direction of
the rotor shatt.

7. The rotor according to claim 6, wherein the blown

cooling fluid tflows 1n the axial direction of the rotor shaft.

8. The rotor according to claim 6, wherein the second
redirecting surface 1s formed such that a distance (D22) to
the rotor shait 1in the radial direction of the rotor shait 1s
increased as a distance (D21) to the fan 1n the axial direction
of the rotor shaft 1s increased.

9. The rotor according to claim 8, wherein the distance
(D22) to the rotor shaft in the radial direction of the rotor
shaft increases at a constant rate.

10. The rotor according to claim 8, wherein the distance
(D22) to the rotor shait in the radial direction of the rotor
shaft increases at a reducing rate.

11. The rotor according to claim 6, wherein the rotor coil
protection ring comprises:

a retaiming ring positioned opposite the rotor shaft inter-
posing the rotor coil, the retaining ring having a surface
that faces the fan and includes the first redirecting
surface; and

a centering ring positioned between the rotor coil and the
fan, the centering ring protruding from the retaining
ring toward the rotor shait and having a surface that
faces the fan and includes the second redirecting sur-
face.

12. The rotor according to claim 6, wherein the rotor coil

protection ring comprises:

a retaining ring positioned opposite the rotor shaft inter-
posing the rotor coil;

a centering ring positioned between the rotor coil and the
fan, the centering ring protruding from the retaining
ring toward the rotor shait; and

a guide member fastened to at least one of the retaiming
ring and the centering ring to be interposed between the
retaining ring and the fan and between the centering
ring and the fan, the guide member having a surface
that faces the fan and includes the first and second
redirecting surfaces.

13. A rotor comprising:

a rotor shaft;

a rotor coil wound around the rotor shatft;

a rotor coil protection ring surrounding the rotor coil at
one end of the rotor shaft;

a Tan coupled to the rotor shait opposite the rotor coil,
interposing the rotor coil protection ring, to blow a
cooling fluid toward the rotor coil; and
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redirecting surfaces formed on the rotor coil protection
ring so as to face the fan, at least a portion of the
redirecting surfaces being formed such that a distance
(D12) to the rotor shait 1n a radial direction of the rotor
shaft 1s decreased as a distance (D11) to the fan i an
axial direction of the rotor shait 1s increased.

14. The rotor according to claim 13, wherein the rotor coil

protection ring comprises:

a retaining ring positioned opposite the rotor shait inter-
posing the rotor coil; and

a centering ring positioned between the rotor coil and the
fan, the centering ring protruding from the retaining
ring toward the rotor shait and having a surface that
faces the fan and 1s formed such that a distance (D12)
to the rotor shaft in the radial direction of the rotor shaft
1s decreased as a distance (ID11) to the fan 1n the axial
direction of the rotor shaft 1s increased.

15. The rotor according to claim 14, wherein the retaiming
ring has a surface that faces the fan and 1s formed such that
a distance (D12) to the rotor shait in the radial direction of
the rotor shaift 1s decreased as a distance (D11) to the fan in
the axial direction of the rotor shaift 1s increased.

16. The rotor according to claim 14, wherein the retaining
ring has a surface that faces the fan and 1s formed such that
a distance (ID22) to the rotor shait in the radial direction of
the rotor shait 1s increased as a distance (ID21) to the fan in
the axial direction of the rotor shait 1s increased.

17. The rotor according to claim 13, wherein the rotor coil
protection ring comprises:

a retaining ring positioned opposite the rotor shaft inter-

posing the rotor coil;

a centering ring positioned between the rotor coil and the
fan, the centering ring protruding from the retaining
ring toward the rotor shaft; and

a guide member fastened to at least one of the retaining
ring and the centering ring to be interposed between the
retaining ring and the fan and between the centering
ring and the fan, the guide member having redirecting
surfaces that face the fan and comprise an inner periph-
eral portion (336a) positioned inward 1n the radial
direction of the rotor shaft and an outer peripheral
portion (336b) positioned outward 1n the radial direc-
tion of the rotor shait, and wherein the inner peripheral
portion 1s formed such that a distance (ID12) to the rotor
shaft 1n the radial direction of the rotor shaft 1s
decreased as a distance (D11) to the fan in the axial
direction of the rotor shaft 1s increased, and the outer
peripheral portion 1s formed such that a distance (D22)
to the rotor shaft in the radial direction of the rotor shaft
1s increased as a distance (D21) to the fan 1n the axial
direction of the rotor shait 1s increased.

18. The rotor according to claim 6, wherein the guide

member fastened to the at least one of the retaining ring and
the centering ring 1s discretely formed with respect to each
of the retaining ring and the centering ring.
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